Journal Title: Biochemica et biophisica acta (bba)-general subjects Volume: Volume Abstract Background-Fibrin formation and dissolution are attributed to cascades of protease activation concluding with thrombin activation, and plasmin proteolysis for fibrin breakdown. Cysteine cathepsins are powerful proteases secreted by endothelial cells and others during cardiovascular disease and diabetes. Their fibrinolytic activity and putative role in hemostasis has not been well described.
Introduction
Hemostasis and the clotting cascade have been defined by a series of proteolytic reactions usually dominated by serine proteases [1] [2] [3] , eventually resulting in cleavage of fibrinogen which self-assembles into a fibrin meshwork that catches red blood cells to form a clot and prevent excess blood loss. Fibrin forms from the self-assembly of cleaved fibrinogen, which is a hexameric protein with quaternary structure of three pairs of symmetrical polypeptide chains (α, β, and γ) held together by multiple disulfide bonds [3, 4] . Once a fibrin clot is formed, it can be resolved through the fibrinolytic action of plasmin, a serine protease, that itself is activated from the zymogen plasminogen by tissue plasminogen activator or urokinase plasminogen activator. The action of plasmin on fibrin is well defined, but the action of other protease families on fibrin are still to be determined.
Cysteine cathepsins are powerful proteases known to be secreted by various cell types in tissue destructive diseases, including cancer [5] , atherosclerosis [6] [7] [8] . These enzymes are known to degrade extracellular matrix (ECM) proteins and are some of the most powerful collagenases and elastases [9, 10] . The substrate redundancy of cysteine cathepsins has been documented [11] , however few studies have identified cathepsin-mediated fibrin degradation. Cysteine cathepsins are members of the papain-like cysteine protease family [12] . Papain cleaves mammalian fibrinogens and cause gelation [13] [14] [15] . Papain polymerizes fibrin that is insoluble in 5M urea, 1M sodium bromide, or 0.1 M monochloroacetic acid forming intermolecular cross-links, such as cross-links formed when Factor XIII and Ca 2+ are used when thrombin cleaves fibrinogen [15] . Other studies demonstrated that cathepsin D, an aspartyl protease, has dose-dependent (100nM -10μM) fibrinolytic activity, and can lyse fibrin, albumin-enriched and albumin/red cell-enriched fibrin clots [16] .
Beyond fibrin's physiological and pathophysiological, native roles, fibrin is becoming more popular as a building tool for biomaterials and regenerative medicine applications with promise demonstrated for vascularized tissue engineered constructs [43] , biological machines [44] , micro and nanoscaffold applications [41] , and vascularized organ-on-chip systems [45] . Fibrin based constructs are favorable materials to engineers, designing matrices, because they offer controlled gelation time, defined network architecture, and well characterized mechanical properties [40] [41] [42] . Degradation kinetics are important to control structural and biochemical properties in these fibrin-based constructs. Proper design and tuning fibrin degradation due to proteolytic cleavage is important for optimal cellular signaling and matrix interactions [17, 18] . We aim to determine proteolotytic susceptibility of fibrin by cysteine proteases. Our studies show that non-plasmin fibrinolytic proteases, cathepsins K, L, and S, have emerged as an alternative mechanism for fibrin destabilization in long term tissue cultivation.
fibrin [19] . It was determined that catK, L, and S are capable of binding to the α, β, and γ chains on fibrinogen at overlapping and different sites. Specifically, catK, L, and S have preferential binding sites in both the E (central) domain, an area prone to cleavage, which is also the known location of where thrombin cleaves, to initiate fibrin formation and where plasmin cleaves to break down and degrade the fibrin clot. The evidence of cleavage site redundancy in our model is representative of redundancy of cathepsins on other substrates, and this could be indicative of the conserved active sites of cathepsins. Understanding cathepsin-mediated fibrin(ogen)olysis has implications in fibrin-based tissue engineered constructs as researchers understand environmental cues the influence network remodeling.
Materials/Methods

Fibrin Gel Formation
Fibrin gels were formed in a 96 well plate. Human fibrinogen (FIB 3 Plasminogen, von Willebrand Factor and Fibronectin Depleted; Enzyme Research Laboratories) was coincubated with human alpha thrombin (Enzyme Research Laboratories) in 50mM Tris-HCl/ 100mM NaCl, at a concentration of 2.5 mg/mL and 1 NIH U/mL, in a final volume of 100 μl, respectively, for 2 hours at 37°C. Fibrin gels were carefully washed with Tris-HCl to remove unpolymerized fibrinogen and thrombin. Before enzymes were added, plates were imaged using a ImageQuant LAS 4000 (GE Healthcare).
Fibrin Gel Degradation
Increasing amounts (0, 0.15, 0.375, 0.75, or 1.5 μg) of recombinant human cathepsins K, L, S (Enzo) in 50 μl assay buffer (0.1M sodium phosphate buffer, pH 6.0, 1mM EDTA) with 2mM dithiothreitol (DTT) for 24 hours at 37°C. Fibrin gels were alternatively incubated with plasmin (5μg/μL; Enzyme Research Laboratories) or Tris-HCl/NaCl. Plates were imaged 4, 8, and 24hrs after degradation. The samples were centrifuged at 8000 rpm and the soluble fraction as collected and saved. The insoluble fraction was prepared in 50mM Tris-HCl/100mM NaCl with 25% β-mercaptoethanol (OmniPur) and sonicated. insoluble fraction and soluble fraction samples were prepped for reduced SDS-PAGE and multiplex gelatin zymography.
Fibrin Fragment Degradation
Fibrin gels were formed using the protocol described above. Gels were incubated with plasmin (5μg/μL) for 24 hours and the soluble fraction, containing released fibrin fragments, was collected. Recombinant human cathepsins K, L, and S (1.5μg) in assay buffer (0.1M sodium phosphate buffer, pH 6.0, 1mM EDTA) with 2mM dithiothreitol (DTT) was added to fibrin fragments for 24 hours at 37°C. Samples were prepped for reduced SDS-PAGE and multiplex gelatin zymography.
imaged with an ImageQuant LAS 4000 (GE Healthcare), and densitometry performed with ImageJ (NIH) to quantify fibrin polypeptide chains.
Multiplex Cathepsin Zymography
Samples were resolved in multiplex cathepsin zymography as previously described [20] . Briefly, samples were prepared using non-reducing loading buffer (5×-0.05% bromophenol blue, 10% sodium dodecyl sulfate (SDS), 1.5M Tris, 50% glycerol. A 12.5% SDS-PAGE gel was used and embedded with 5 mg/mL gelatin substrate. Both gels were run at 200V at 4°C. Proteases were renatured in 65mM Tris buffer pH 7.4 with 20% glycerol for 3 washes, 10min each, then incubated in and pH 4 (acetate buffer, 1mM EDTA with 2mM DTT, freshly added) or pH6 (phosphate buffer, 1mM EDTA with 2mM DTT, freshly added) activity assay buffer. After overnight incubation, gels were stained with Coomassie Blue (4.5% Coomassie blue; Sigma-Aldrich, 10% acetic acid, and 10% isopropanol) then destained (10% acetic acid and 10% isopropanol).
Statistical analysis
Statistical significance was determined using a two-way ANOVA between normalized no enzyme control and recombinant enzyme control, respectively, using GraphPad. All experiments were replicated at least three times and a p value of <0.05 was considered statistically significant.
Results
Cathepsin L degrades fibrin gels, releasing degraded fibrin products into the supernatant
To test if human cathepsin L (catL) has fibrinolytic activity, polymerized fibrin gels were incubated with increasing amounts of catL, or plasmin as a positive control, in 96-well plates for 24 hours. Fibrin gels were imaged before and after degradation; areas of grey are intact fibrin and areas of black indicate regions where fibrin gel was degraded ( Fig 1A) . Empty wells are all black. The mean value of grey areas were measured to quantify percent intact fibrin gel. As catL amount incubated with the gels increased, there was a loss of fibrin gel by 3%, 26%, and 48% for 0.15, 0.75, and 1.5 μg, respectively, with a significant decrease at 1.5μg of catL compared to the no enzyme control (n=4, *p<0.005) ( Fig 1A) . Next, it was determined if the fibrin molecule itself was degraded into fragments using reducing SDS-PAGE. After incubation, the supernatant was collected, containing solubilized fragments released from the fibrin gel (referred to as the soluble fraction), and the remaining fibrin gel (referred to as the insoluble fraction) was solubilized by breaking disulfide bonds between the fibrin α, β, and γ chains with 25% beta-mercaptoethanol in Tris-HCl. Proteins were then resolved by reducing SDS-PAGE and stained with Coomassie blue to determine proteolysis of the α, β, and γ chains in both supernatant (soluble) and fibrin gel (insoluble) fractions. For the soluble fraction α, β, and γ chains were only identified in supernatant of gels incubated with 0.15μg catL, the lowest amount, suggested by hydrolysis of α band in other lanes. There was a significant loss of the α chain in the insoluble gel fraction as the amount of catL increased (n=3-5, *p<0.005; #p<0.0001) ( Fig 1B) , which corroborates the gel degradation images from Fig 1A. We used multiplex cathepsin zymography to identify active catL remaining in the soluble fractions, after incubations, which are visualized as cleared, white bands ( Fig 1C) . To determine if there was a correlation with the degraded fibrin in the insoluble fraction, visualized as Coomassie stained dark bands ( Fig 1D) . It is important to note that catL was not expected to provide a zymography signal in the insoluble fraction due to gel dissolution with β-mercaptoethanol, which also breaks cathepsin disulfide bridges and diminishes activity. Soluble fractions contained active catL bands at the expected molecular size of 20 kDa, with increasing intensity as the incubated amount of active catL increased. With as little as 0.15μg, the active catL band was visible at 100kDa and 37 kDa, but as the amount of catL incubated with the fibrin gels increased, active catL appeared at other molecular weights: between 100 and 75 kDa, and between 75 and 50 kDa (n=3-5, **p<0.05; %p<0.01; # p<0.0001). The associations between fibrin and catL were even able to withstand the ionic detergent, SDS, denaturation as they migrated through the polyacrylamide gel. The cascading pattern of higher molecular weight active catL bands corresponded to the loss of α and β chains of fibrin protein. Active catL bands were quantified by densitometry and displayed in the graph for the 75, 50, 37, and 20kDa.
Cathepsin K degrades α and β fibrin polypeptide chains, and fibrin degradation products
Cathepsin K (catK) was also investigated to determine if it could degrade fibrin. Fibrin gels were prepared as described above, incubated with increasing amounts of catK for 24 hours, and both supernatant and fibrin gel were assayed, as was done for catL. There was a significant decrease in fibrin gel with 1.5μg of catK compared to no enzyme controls (n=5, ^p<0.001) (Fig 2A) . CatK degraded the α and β fibrin chains with as little as 0.15μg, as shown in the SDS-PAGE of the insoluble fibrin gel (n=5, *p<0.005; #p<0.0001) ( Fig 2B) . As the amount of catK was increased, little to no solubilized fibrin was detected in the supernatant, suggesting that even the released fibrin was subject to further degradation by catK. From zymography, no active catK was detected in the soluble or insoluble fractions as indicated by no cleared white bands (n=5) ( Fig 2C) .
Cathepsin S degrades α, β, and γ fibrin polypeptide chains, and fibrin degradation products
There was a complete dissolution of the fibrin gel when incubated with either 0.75 or 1.5 μg of catS after 24 hours (n=5, *p<0.05; #p<0.0001) ( Fig 3A) . SDS-PAGE confirmed that 0.15 μg of catS significantly hydrolyzed the α chain of fibrin, and both the α and β chains were completely degraded with 0.75μg of catS (n=5, *p<0.05; #p<0.0001) ( Fig 3B) . Released fragments were not detected in the soluble fraction, except for after incubation with 0.75 μg catS, suggesting near complete degradation of released fragments. Zymography was used to quantify active catS. Active catS was detected only at 25kDa, the expected size for free catS, and not associated with any higher molecular weight fibrin fragments (n=5, #p<0.0001) ( Fig  3C) . As with catK, large macromolecules, unable to migrate through the gel, were also observed in the soluble fraction at the top of the gels (open arrow). The intensity of these large fragments is inversely related to the amount of catS during the incubation period, and smaller fragments were detectable in the supernatant (50 to 37kDa) at the highest amount of catS, when no large protein is present, suggesting its degradation.
Time course of fibrin gel degradation by cathepsins K, L, and S
Incubation of fibrin gels with either catK or catS led to minimal detection of released fibrin fragments from the supernatant, contrary to catL. We hypothesized that cleaved fibrin fragments were initially released but not detected because they were completely degraded by the cathepsins over time. To test this hypothesis, fibrin gels were incubated with 1.5μg of catK, L, S, or plasmin for a time course of 4, 8, or 24 hours. A statistically significant loss of fibrin gels was observed after 24 hours for catK, catL, and catS (n=5, %p<0.01, #p<0.0001) ( Fig 4A) . CatS, however, seemed to degrade the fibrin faster, reaching statistical significance after only 4 hours. After incubation with catK, the α chain of fibrin was not detected by as early as 4 hours from the fibrin gel fraction ( Fig 4B) . Of the fibrin fragments released into the soluble fraction, α and β fibrin polypeptides were detected after both 4 hrs and 8 hrs (p<0.05), but then there was a loss of the α chain by 24 hrs, suggesting catK released the fragments and then degraded in the supernatant (Fig 4B-left) . For catL, there was a steady loss of the α chain of fibrin from 4hrs to 8 and 24hrs in the supernatant and fibrin gel ( Fig  4B-center) . CatS completely degraded the α and β chains of fibrin in the supernatant and fibrin gel after only 4hrs ( Fig 4B-right) , with complete loss of all signal by 24 hrs, coinciding with the complete degradation of the fibrin gels previously observed ( Fig 4A) .
Cathepsins L and S remain active over longer periods in the presence of fibrin
Mature cathepsins can lose their proteolytic activity in vitro over short periods of time (within a few hours), but the presence of specific macromolecular substrates, such as collagen and elastin, can stabilize and extend cathepsin activity [21, 22] . To test if fibrin was one such substrate, cathepsin zymography was used to determine the amounts of active cathepsins K, L, and S that were present after increasing incubation times with fibrin gels. No active catK was detected in the released fibrin fragments at any of the time periods (n=4) (Fig. 5A ). However, active catL was observed at all time points tested (Fig. 5B ). As the incubation period extended from 4 to 24 hours, there was a significant cascading loss of active catL signal at higher molecular weight bands (100, 75, 50, and 37kDa) progressively, with the 50kDa band remaining relatively constant, as quantified in the densitometry (n=4, #p<0.0001). CatS was different from both catK and catL, in that active catS was detected only at 25 kDa, unbound catS, its expected size, and the signal was diminishing from 4 to 24hrs concomitant with loss of Coomassie stained fibrin fragment signal (n=4) (Fig. 5C ).
Cathepsins K, L, and S degrade plasmin-generated fibrin fragments
To specifically demonstrate if cathepsins are capable of successively proteolyzing released fibrin fragments from the bulk fibrin gel into undetectable fragments, catK, L, and S were incubated with fibrin fragments. To generate these fragments, polymerized fibrin gels were first incubated with plasmin for 24 hours, and the soluble fraction was collected, then separately incubated with 1.5μg of either catK, catL, or catS for an additional 24hrs. All samples were resolved in SDS-PAGE, alongside aliquots of the plasmin-generated fragments sample that was not subject to cathepsin proteolysis as a control (n=4). Compared to control, there was a loss of the 55kDa fibrin fragment after incubation with catK and catL ( Fig 6A) . CatS also completely degraded the 55kDa fibrin fragment in addition to the 50kDa and 45kDa fibrin fragments ( Fig 6A) . Cathepsins K, L, and S successively processed the 
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Author Manuscript plasmin-generated fibrin fragments into lower molecular weight fragments (25 kDa to 37kDa), supporting our hypothesis that cathepsins cleave fragments from fibrin gel, but can also successively proteolyze released fibrin fragments generated by plasmin.
Zymography was used to assess the amount of active cathepsins present after incubation with plasmin-generated fibrin fragments ( Fig 6B) . Zymograms were incubated at pH4 for optimal catL activity and pH6 for optimal catK activity [20] . In contrast to catK coincubation with fibrin gels (Fig 2C) , when catK was co-incubated with fibrin fragments ( Fig  6B) , active catK was detected at 75kDa, a size where active catK has been detected when bound to ECM [23] , different from its usual expected electrophoretic migration distance of 37 kDa. Active catL and catS were observed at their expected molecular sizes, 20kDa and 25kDa, respectively. When catL was co-incubated with fibrin ( Fig 1C) or fibrin fragments ( Fig 5B) , active catL was detected at higher molecular weights, ~50kDa and 37kDa. This demonstrates catL is able to successively cleave fibrin fragments and remain bound to fibrin fragments during successive proteolytic cleavage.
Discussion and Conclusions
Taken together, these results demonstrate that human cysteine cathepsins K, L, and S are fibrinolytic proteases. This has not been demonstrated for the human cathepsins previously, although parasitic orthologues of cathepsin L in Fasciola hepatica, a liver flukeworm that feeds on blood, were shown to have fibrinolytic activity [24, 25] . From this study, catK, L, and S can hydrolyze the α and β chains of fibrin as indicated by the loss of these chains in SDS-PAGE after incubation with the proteases of interest. Further, we demonstrate that although cat K, L, and S share 60% sequence homology, cleavage patterns after fibrinolysis are unique to each cathepsin (Supplemental Figures 1 & 2) , plus their rates of fibrinolysis differed, as shown by the degradation and loss of fibrin gels with increasing amounts of enzyme, and when incubated for different periods of time. CatS was the most fibrinolytic, followed by catK and L, yet catK and L differed in a number of ways. CatL was bound to multiple cleavage fragments of fibrin, and this mechanism of association, still to be determined, was sufficient to retain its binding even in the presence of SDS, a strong ionic detergent. CatK, however, did not show this property and the amount of active catK was not detected by zymography after the incubation periods. Finally, catK, L, and S appear not to hydrolyze the fibrin in one event, but successively process it into smaller fragments, and can also bind and cleave fragments produced after plasmin-mediated fibrinolysis suggesting multiple sites of cleavage along the molecule. Again, the patterns of degradation differ among the cathepsins studied here, corroborating the finding that though they are closely related, they still retain unique properties that can be relevant in physiological systems.
There is clinical relevance to these findings as fibrin is involved in the coagulation cascade after vessel injury. The proteases thrombin and plasmin are considered responsible for the initiation and degradation of fibrin [1, 4, 26] , respectively, and the possibility of other enzymes being involved is understudied. Cysteine cathepsins are known to be involved in vascular related injuries [27, 28] , vascular remodeling [6, 29] , and have been identified in atherosclerotic plaques [6, 30] . Cathepsins have been shown to be produced and secreted by endothelial cells that line the blood vessel wall [6, 29] , and even catB and catD shown to play some role in cleaving other factors in the fibrinolytic system [31] . With such access to the clot, the roles of cysteine cathepsins and their putative activity to resolve these clots should be considered in physiological, and perhaps pathophysiological scenarios, especially in the presence of plasmin-mediated fibrinolysis. As an example, we have previously shown elevated cysteine cathepsins in sickle cell disease [32] , which is a disease that is also associated with a hypercoagulable state [33] . Cathepsin partial or complete fibrinolysis may prevent full solid clots from forming or staying in a protective way during thrombinmediated clot formation. However, our recent study also shows that cathepsins potentially can be involved in fibrin formation as they can hydrolyze fibrinogen as well [19] . This putative conflict will need to be resolved to understand the participation of this additional class of proteases in hemostasis.
There are specific details to highlight regarding the differences among cathepsins K, L, and S. CatS appeared to degrade the fibrin gel faster than the other proteases in this in vitro study, but it may not necessarily be a better fibrinolytic enzyme than plasmin in vivo; there are pH dependent and environmental cofactors that must be considered, but this deserves further investigation since catS is unique among cysteine cathepsins in that it retains its activity at neutral pH [10, 34] . Additionally, cathepsin S was shown to be elevated in the plasma of patients with diabetes [35, 36] , associated with wound healing and hemostatic abnormalities, and other cardiovascular diseases, which may be a biomarker for these diseases [29, 37, 38] .
Adsorption of active cathepsins to substrates and extension of their active lifetimes has been described for elastin [22] and collagen [21] , and these data presented here suggest fibrin be added to this list for catL. CatL and catK have had exosites identified that improve their catalysis of matrix proteins by binding them at these allosteric sites [39] . We did not identify if the fibrin binding site for catL is the same as its exosite for elastin, but the mechanism may exist. CatL adsorbs to fibrin as it was cleaved from the bulk fibrin gel, and the fibrin could be serving as a pool for active catL, thus stabilizing and sustaining its activity. As catL cleaves fibrin, it remains active and provides further hydrolysis of fibrin fragments which can prolong proteolysis within the system. These implications for fibrin acting as a reservoir for catL, to extend catL-mediated degradation in native tissue or in engineered tissue constructs, could be a design issue for tissue engineers using fibrin constructs in regenerative medicine and therapeutics research.
There is already evidence of unexplained proteolytic breakdown of fibrin-based tissue engineered constructs. Cysteine cathepsins were shown to be upregulated in engineered living systems such as a walking biological machine, composed of a skeletal muscle strip made with fibrin as part of its scaffold. Studies used aminocaproic acid (ACA), which inhibits conversion of plasminogen to plasmin, slowed degradation of the muscle strips at earlier time points, but catL was still active and a contributing factor to the breakdown of the walking biological machine [40] . Microvascular networks formed in a microfluidic device using a co-culture of endothelial cells and fibroblasts encapsulated in fibrin, formed a patent lumen. However, within days to weeks the networks collapse in an unpredictable, uncontrolled manner [41] and cathepsin-mediated degradation may be involved. During vasculogenesis, proteolytic activity is required for matrix remodeling [42, 43] , and, uncontrolled proteases could lead to scaffold destabilization. Fibrin-based constructs for the nervous system have been developed and reviewed here [44] . Fibrin nanoparticles have also been proposed for drug delivery [45] , and their degradation by cysteine proteases can affect release profiles.
To conclude, we have introduced human cysteine cathepsins as a new class of proteases for the biomaterial community to consider when developing fibrin-based constructs. It is possible that fibrin-based constructs can sustain active cathepsins which will degrade them, causing constructs to fail. This motivates our future studies to identify the cleavage sites of cathepsin on fibrin to better understand the mechanism and develop novel cathepsin inhibition strategies to control proteolysis and meet design criteria for proper engineering.
There is also clinical relevance and potential research avenues for cathepsin-based mechanisms underlying aberrant clot resolution, especially since cathepsins are secreted by endothelial cells which line the blood vessel walls providing direct access to clots.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
Highlights
• Human cathepsins K, L, and S can hydrolyze the alpha and beta chains of fibrin.
• CatL adsorbs to fibrin as it cleaves, which stabilizes and sustains its activity.
• CatS appeared to degrade fibrin gel faster than catK or catL in this in vitro study.
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Figure 1. Cathepsin L degrades fibrin gels, releasing fibrin degradation products into the supernatant
Fibrin gels (100 μl) were polymerized in 96 well plates then incubated with increasing amounts of cathepsin L (catL) in 50 μl assay buffer for 24hrs. (A) Fibrin gels were imaged in 96 well plates before (0 h) and after (24 h) incubation, where grey color indicates intact fibrin and black indicates areas of degraded fibrin gel, as shown by the black levels in the empty wells. Area of grey intensity were quantified to determine intact fibrin percentage. The fibrin gel was degraded by 3%, 26%, and 48% for 0.15, 0.75, and 1.5 μg, respectively, with a significant decrease at 1.5μg of catL compared to the no enzyme control. (B) After degradation, the fibrin fragments released into the supernatant (denoted to as the soluble fraction) were collected and the remaining fibrin gel (insoluble fraction), was collected and solubilized with β-mercaptoethanol to prepare it for SDS-PAGE. Coomassie stained protein bands of α (63.5 kDa), β (56 kDa), and γ (47 kDa) chains of fibrin are visible in the insoluble fraction. Densitometry of bands are quantified in the graph below. As the amount of catL increased, there was a significant loss of the α chain from the insoluble gel fraction. (C) Cathepsin zymography was used to assess the amount of active catL. Active catL bands were identified in the soluble fraction at multiple molecular sizes. Unbound active catL appears at 20 kDa and the higher molecular weight (75 to 37kDa) bands of active catL appear in a cascading pattern that corresponds to the degraded α and β fibrin fragments. D) Densitometry of insoluble α and β chains of fibrin bands visible in the zymogram (darker bands) are quantified in the graph. E) Active catL bands (cleared white bands) at 75 kDa, 50 kDa, 37 kDa, and 20 kDa bands are quantified by densitometry in the graph (n=3-5, **p<0.05; %p<0.01; *p<0.005; # p<0.0001).
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Author Manuscript To identify if cathepsins K, L, or S could successively degrade the released fibrin fragments into smaller molecular weight fibrin fragments, fibrin gels were first incubated with plasmin for 24 hours, then the fibrin fragments released into the supernatant were collected then incubated with catK, L, or S for 24 hours. (A) Compared to the no enzyme control, catK, L, and S successively degraded the fibrin fragments into lower molecular weight fragments. CatS completely degraded the 55kDa, 50kDa, and 45kDa fragments while catK and L only degraded the 55kDa fibrin fragments. (B) From zymography, active catL was at its expected molecular size (20kDa), as well as the higher molecular weights (~50kDa and faintly at 37kDa), corresponding to the results from the dosing and time course fibrin degradation experiments. Active catK is observed at 75kDa. Unbound active catS was observed at 25kDa in the zymograms incubated at pH 6. Active catL appears in the zymograms incubated at pH 4.
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